The effect of the hygrothermal environment on the performance of composites has been the subject of numerous investigations. Simplified procedures for incorporating hygrothermal effects into composite behavior have been given [1] . Experimental and numerical results relating the hygrothermal effects on flexural and interlaminar strength and defect growth in composites have been reported [2] . The influence of hygrothermal effects on the free-edge delamination in composites has been investigated [3] . Hygrothermal effects have been included in an optimal design procedure for composite turbine blades [4] . Effects of the hygrother-mal environment on damping properties of composites have been investigated [5] . Hygrothermal effects have been included in the formulation of design procedures for fiber composite structural components and joints [6] . The Integrated Composite ANalyzer (ICAN) code has incorporated hygrothermal effects in the prediction of through-the-thickness stress-strain relationships and strength of laminated composites [7] . The fatigue of fiber composite structures under hygrothermomechanical cyclic loading has also been investigated [8] .
Computational [7] is used as the micromechanics module that is combined with a finite element analysis code [9] and an executive module for durability and degradation analysis, to form the Composite Durability STRuctural ANalyzer (CODSTRAN) computer code. CODSTRAN is able to simulate composite damage initiation and growth under various loading and hy-grothermal conditions. The concept and foundations of the computational simulation of composite structural durability were first laid out by the original implementation of the CODSTRAN code [10] . The simulation of progressive fracture by CODSTRAN was verified to be in reasonable agreement with experimental data from tensile tests [11] . Recent additions to CODSTRAN have enabled monitoring the variations in structural properties such as natural frequencies, vibration mode shapes, buckling loads, and buckling modes during progressive fracture [12] . A dynamic analysis capability has been implemented to evaluate degradation under impulsive loads [13] . More recently a quantitative measure of structural damage and computation of the strain energy release rate were added to the code to develop a computational evaluation of the structural resistance to global fracture for laminated composite structures [14] . The capability to quantify load-induced damage in the composite structure and to relate this damage to changes in measurable structural properties is a convenient feature of the recently augmented code. Combining this feature with the evaluation of fracture toughness during damage progression, the code is able to predict the amount of internal damage as well as the fracture stability and safety of the damaged composite. The relationship between internal damage and structural properties such as natural frequencies and vibration mode shapes is useful for the in-service evaluation of safety and reliability. In this way composite structural behavior can be evaluated under any loading condition, geometry, or boundary conditions.
COMPUTATIONAL METHOD
The CODSTRAN computer code has been synthesized from three modules. The overall conduct of composite durability analysis is carried out in an executive module [10] that evaluates failure and keeps track of composite degradation for the entire structure. The executive module references the ICAN analysis package for micromechanics, macromechanics, and laminate theory [7] , and a finite element analysis module with anisotropic thick shell analysis capability [9] . A flow chart of CODSTRAN is given in Figure 1 .
The effects of moisture and temperature on mechanical properties of composite constituents are taken into account in the composite mechanics module (ICAN) [7] . The ICAN module is referenced before and after each finite element analysis. Figure 2 depicts the tasks performed by ICAN in a CODSTRAN analysis step. Prior to a finite element analysis the ICAN module computes the overall composite properties depending on the fiber and matrix constituent characteristics and the composite layup. The coupled effects of thermal and hygral conditions on structural properties and composite durability are taken into account in the constitutive relationships [1] . The (Figure 3a) . The finite element model consists of seventy rectangular four-node isoparametric shell elements [9] as shown in Figure 3b . The Figure 4 shows the relationship between the applied loading and the resulting internal damage in the composite for the temperature and moisture combinations considered. The individual load-damage curves terminate when the composite plate is broken into two pieces. The applied loading is the total inplane tensile load in the longitudinal direction of the plate. Figure 4 indicates that the overall strength of the composite structure is reduced with increasing temperature. In general, it is observed that increasing moisture also reduces the structural strength. However, the effect of moisture on strength becomes more important at higher temperatures. For The overall quantity of damage includes individual ply damage as well as through-the-thickness fracture of the composite laminate. The details of damage computation are given in Reference [14] . The definition of damage in this paper is such that the composite structure would be considered 100 percent damaged if all plies of all nodes were to develop some damage. In general, global fracture or structural fracture will occur before the 100 percent damage level is reached. Computed results up to impending global fracture of the composite structure are presented as described below. Figures 5, 6 , 7, and 8 show the changes in the first three natural frequencies and the first buckling load, respectively, as functions of the applied load and also as functions of the load-induced damage for the six hygrothermal conditions considered. An interesting observation from these figures is that the case corresponding to the most severe hygrothermal environment considered (148.89°C temperature and one percent moisture) shows the least sensitivity of its structural properties to damage. The reason for this is that the reduction of matrix moduli due to moisture and temperature makes part of the composite structure more compliant without showing excessive changes in the global structural response. However, the adverse hygrothermal conditions also degrade the strength of the overall structure; resulting in the separation of the composite into two pieces under a lower loading, as seen from Table 1 . For the case of one percent moisture, at the 148.89 ° C temperature, the apparent structural response properties remain considerably high even when the composite is being torn into two pieces. This phenomenon is because the restrained half of the composite laminate has absorbed most of the damage and fracture due to overconstrained boundary conditions, and the computed vibration frequencies represent merely the other half of the structure that has been spared degradation.
A second example uses the same T-300/epoxy composite as in the first example. However, the ply fiber orientations are changed to 0/90/90/0 degrees with respect to the loading direction. The combinations of loading and environmental conditions are the same as in the first case. Figure 9 shows the relationships between the applied load and the produced damage for this composite. Table 2 shows the four loading stages corresponding to initial and secondary fracture, critical stage, and global fracture, under the six hygrothermal conditions considered. Strength of the composite structure is considerably lower compared to the first example because half of the plies have their fibers orthogonal to the direction of loading in this case. Also, the difference between the damage initiation load and the global fracture load is less than the first example because of For a third example, a composite structure with the same geometry and fiber orientations as in the first case but made of a different composite system is considered. The composite system for the third example is S-glass/high modulus, high strength epoxy matrix system (S-glass/HMHS). Figure 14 shows the relationships between loading and damage for the six hygrothermal conditions on the S-glass/HMHS composite. This composite shows a more nonlinear behavior with a more uniform distribution of structural damage. Because of the lower fiber strength, initial damage starts at a lower load compared to the T 300/epoxy composite with the same ( t 15)s fiber orientations. 
